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1
METHOD OF MAKING A DIE WITH
RECESSED ALUMINUM DIE PADS

This applicationis a continuation application of U.S. appli-
cation Ser. No. 13/192,976, having a filing date of Jul. 7,
2011, having common inventors, and having a common
assignee, all of which is incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an electrical die with recessed
aluminum die pads.

2. Description of the Related Art

Electrical die are die that include one or electrical devices.
One example of an electrical die is a semiconductor die. A
semiconductor die includes a semiconductor material and
implements one or more semiconductor devices. In some
examples, an electrical die can include a single electrical
device such as a power transistor or capacitor, or multiple
electrical devices such as those in a microprocessor imple-
mented in a die.

Electrical die utilize aluminum die pads for providing
external electrical connection to other electrical devices in a
system that incorporates the die. Aluminum die pads can also
be used for probe contact in testing the devices implemented
in a die. In some systems, it may be useful to include devices
on a planar surface of the die wherein the die pads have a top
surface below the planar surface of the die.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its
numerous objects, features, and advantages made apparent to
those skilled in the art by referencing the accompanying
drawings.

FIGS. 1-11 set forth partial cutaway side views of a wafer
at various stages in forming an electrical die according to one
embodiment of the present invention.

FIG. 12 sets forth a partial cutaway side view of a wafer at
a stage in forming an electrical die according to another
embodiment of the present invention.

FIG. 13 sets forth a partial cutaway side view of a wafer at
a stage in forming an electrical die according to another
embodiment of the present invention.

FIG. 14 sets forth a partial cutaway side view of a wafer at
a stage in forming an electrical die according to another
embodiment of the present invention.

The use of the same reference symbols in different draw-
ings indicates identical items unless otherwise noted. The
Figures are not necessarily drawn to scale.

DETAILED DESCRIPTION

The following sets forth a detailed description of a mode
for carrying out the invention. The description is intended to
be illustrative of the invention and should not be taken to be
limiting.

FIG. 1 shows a partial cutaway side view of a wafer 101
that is used to form an electrical die with an aluminum die pad
that is recessed from a planar surface of the die. Wafer 101
includes a substrate 103 of a semiconductor material (e.g.
silicon, silicon germanium, gallium nitride, gallium arsenide,
other III-V semiconductor material). In the embodiment
shown, substrate 103 has a bulk semiconductor configuration
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but may have other substrate configurations (e.g. a semicon-
ductor on insulator configuration) in other embodiments.

Wafer 101 includes a plurality of semiconductor devices,
with transistor 105 being shown in FIG. 1. In one embodi-
ment, transistor 105 is a CMOS transistor formed on substrate
103 with a source, drain, and channel region located in sub-
strate 103. However, wafer may include other types of semi-
conductor devices including other types of transistors (such
as LDMOS, bipolar, HMFET, and biCMOS transistors),
diodes, capacitors, and MEMS devices, as well as other types
of electrical devices such as capacitors and inductors. The
size of transistor 105 is not to scale in that it is significantly
smaller than the other structures of wafer 101.

In the embodiment shown, wafer 101 includes interconnect
layer 107, interconnect layer 109 and final interconnect layer
123. Each interconnect layer includes multiple electrical
interconnects that electrically couple devices of the wafer to
other devices of the wafer and to devices external to the wafer.
For example, wafer 101 shows interconnects 125 and 127 in
interconnect layer 123. The electrical interconnects of one
interconnect layer may be electrically coupled to an intercon-
nect of another layer by electrically conductive vias. For
example, wafer 101 shows that interconnect 125 of intercon-
nect layer 123 is electrically connected to via 121, which is
electrically connected to interconnect 119 of layer 109, which
is electrically connected to via 115, which is electrically
connected to interconnect 117 of interconnect layer 107,
which is electrically connected to via 113, which is electri-
cally connected to a current terminal of transistor 105. In
subsequent processes, interconnect 125 will be electrically
coupled to an aluminum die pad.

In one embodiment, the electrical interconnects of an inter-
connect layer are formed by forming layers of interlevel
dielectric material over wafer 101 and then forming openings
in the dielectric material for the vias and for the interconnects.
Afterwards, layers of conductive material are formed over the
openings where the layers are then planarized to remove
excess conductive material outside the openings. In other
embodiments, the interconnects maybe be formed by forming
alayer of conductive material and then patterning the layer of
conductive material. Interlevel dielectric material is then
formed over the wafer with patterned electrical interconnects
and planarized. Electrical interconnects maybe formed by
other methods in other embodiments.

In one embodiment, the interlevel dielectric material 129 is
made of TEOS, oxides, carbon-doped oxide, nitride, silicon
carbon nitride, oxynitrides, or combinations thereof. The con-
ductive interconnects and vias are formed of conductive
material such as copper, gold, aluminum, titanium, titanium
nitride, other metals, or combinations thereof. In some
embodiments, the conductive interconnects and vias include
barrier layers (e.g. of titanium nitride, titanium, tantalum or
tantalum nitride).

Inthe embodiment shown, interconnect layers 107 and 109
have a thickness that is about half the thickness of final
interconnect layer 123. In one embodiment, the thicknesses
of the lower layers is approximately 0.25 microns and the
thickness of the final layer is 1 micron. However different die
may have interconnect layers of different sizes in other
embodiments. In some embodiments, the thicknesses of the
interconnect layers increase with each subsequently added
layer.

As shown in the FIG. 1, wafer 101 includes 3 interconnect
layers, although other embodiments may include a different
number of interconnect layers.

Passivation layer 131 is a layer of dielectric material that is
deposited (e.g. by a CVD process) over wafer 101 after the
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last interconnect layer 123. In one embodiment, passivation
layer 131 is made of up of a nitride layer and oxynitride layer
formed there over, however layer 131 may be made of other
materials in other embodiments. In one embodiment, layer
131 has a thickness of 0.5 microns as deposited, but may have
other thicknesses in other embodiments.

FIG. 2 is a partial cutaway side view of wafer 101 after an
opening 201 is formed in passivation layer 131 to expose
interconnect 125. In one embodiment, opening 201 is formed
by a photo lithographic process where a layer of photo resist
is formed over wafer 101 and patterned to form an opening
therein. Layer 131 is then etched through the opening in the
photo resist with an etchant that is selective to the material of
interconnect 125. In one embodiment where interconnect 125
is made of copper, an etchant of CHF; CF,, and Ar may be
used. However other types of etchants may be used in other
embodiments.

In the embodiment shown, opening 201 is a single opening.
However in other embodiments, opening 201 would be
implemented with multiple, smaller openings in the general
location of opening 201 wherein portions of layer 131 would
be located in between the multiple openings.

After forming opening 201, a barrier layer 203 is formed
over wafer 101 followed by a layer of an aluminum material.
In one embodiment, layer 203 is made of tantalum, but may
be made of other barrier materials e.g. titanium nitride. In one
embodiment, layer 203 has a thickness in the range 0f 50-100
A but may have different thicknesses in other embodiments.

Layer 205 is a layer of aluminum material that will be used
to form a die pad. As used herein an “aluminum layer” refers
to a layer that includes at least 90% aluminum by atomic
weight. An aluminum layer may include a layer of aluminum
mixed with other materials or an aluminum alloy. In one
embodiment, aluminum layer 205 is an alloy of 99.5% alu-
minum with 0.5% copper. However, other aluminum layers
may have a different composition. As used herein, an “alumi-
num die pad” is a die pad with an aluminum layer.

In one embodiment, layer 205 is 1.2 microns thick and is
deposited by a PVD (physical vapor deposition) process.
However, an aluminum layer may have other thicknesses
and/or may be deposited by other processes in other embodi-
ments.

FIG. 3 shows a view of wafer 101 after aluminum layer 205
is patterned to form aluminum die pad 301. In one embodi-
ment, layer 205 is patterned by a photolithographic process
where a patterned photo resist mask is formed on layer 205 at
the location of pad 301 in FIG. 3. The unwanted portions of
layer 205 (and barrier layer 203) are removed with etchants of
appropriate chemistries.

FIG. 4 is a view of wafer 101 after a dielectric layer 401 is
deposited on wafer 101. In one embodiment, layer 401 is a
conformal layer made of TEOS and is deposited by a plasma
enhanced CVD process. However, layer 401 may be made by
other materials (e.g. nitride, oxide, oxynitride) and/or may be
formed by other processes in other embodiments. In one
embodiment, layer 401 has a thickness of 2 microns as depos-
ited. In one embodiment, layer is 401 is at least thick enough
to where all of the top surface oflayer 401 is above the highest
top surface of aluminum die pad 301 so that layer 401 still
covers all of pad 301 after planarization.

Although layer 401 is shown a conformal layer, in some
embodiments, it may be a planarizing layer as deposited. For
example, layer 401 may be a layer of spin on glass where the
top surface of layer 401 has a more planar surface than what
is shown in FIG. 4.

FIG. 5 shows a partial cutaway side view of wafer 101 after
a photo resist mask 501 is formed over wafer 101 with an
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4

opening 503 over pad 301. Mask 501 is used for performing
a timed etch on layer 401 so as to reduce the height of the
portion of layer 401 over pad 301. This reduction in height by
etching reduces the amount of material of layer 401 that will
have to be planarized in a subsequent process. In one embodi-
ment, mask 501 is a reverse mask of the mask used to form
pad 301 except that opening 503 of mask 501 is slightly
narrower (see dashed lines 507 and 505) than the width of
aluminum die pad 301.

FIG. 6 shows wafer 101 after the top portion of layer 401
over pad 301 has been etched to reduce the height of layer
401. In one embodiment, layer 401 is etched with an etchant
that includes C,Fg, CF,, O,, and Ar. In the embodiment
shown, because the width of the opening 503 of mask 501 is
slightly less than the width of pad 301, a small raised portion
607 is left to ensure that “valleys™ are not formed in layer 401
just outside of the area of pad 301.

In the embodiment shown, the timed etch of layer 401 is
stopped at a location where the lower top surface 603 of layer
401 over pad 301 is located slightly below the level of the top
surface (line 605) of the remaining portion of layer 401 and
the higher top surface 601 of layer 401 is slightly above line
605. However, the stopping of the time etch can occur at other
places.

The selective removal of the “high” spots of layer 401 over
pad 301 with a selective etch (as shown in FIGS. 5 and 6) may
provide for a reduction in surface variation on layer 401 after
it has been subjected to a subsequent planarizing process. In
some embodiments without this selective reduction, a planar
surface may have a relatively greater surface variation due to
the relatively large size of the aluminum die pad areas. Some
embodiments do not include the selective etching of the top
portion of conformal layer 401 over pad 301. Also where
layer 401 is a planar layer as deposited (e.g. spin on glass), the
selective etching may not be used.

FIG. 7 shows wafer 101 after layer 401 has been pla-
narized. In one embodiment, layer 401 is planarized with a
CMP tool. In one embodiment, it is desirable that the pla-
narized surface 705 be at least a specific distance from the top
surface of pad 301 (as shown by dimension 703 in FIG. 7). In
one embodiment, this distance is at least 0.1 micron, but may
be of other distances in other embodiments.

In some embodiments, a polishing stop layer (not shown)
may be deposited on surface 701. This polishing stop layer is
used for protecting layer 401 during subsequent polishing
steps. In one embodiment, the polishing stop layer is made of
silicon oxynitride and has a thickness of 50-100 A, but may
have other thicknesses and/or made of other materials in other
embodiments.

FIG. 8 shows wafer 101 after an opening 801 is formed in
layer 401 and layer 131 for forming a conductive via to
contact interconnect 127. Opening 801 is formed in layers
401 and 131 by a photolithographic process using the appro-
priate etch chemistries. In one embodiment, opening 801 has
a2 to 1 aspect ratio, but may have other aspect ratios in other
embodiments. In some embodiments, via has a width of 0.5-
1.2 microns, but may have other widths in other embodi-
ments. In some embodiments, multiple openings may be
made to expose interconnect 127 at the general location of
opening 801. In some embodiments, opening 801 has a gen-
eral circular configuration (as seen from a top view). How-
ever, in other embodiments, opening 301 may have other
configurations such as a rectangular or an elongated trench
configuration.

After the formation of the opening 801, a layer 803 of
barrier material and a layer 805 of via material may be formed
over wafer 101 to fill opening 801. In one embodiment, layer
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803 is made of tantalum and tantalum nitride where layer 805
is copper. In another embodiments where layer 803 is made of
titanium and titanium nitride where layer 805 is made of
tungsten. In one embodiment, layer 803 has a thickness of
50-100 A, but may be of other thicknesses in other embodi-
ments.

Layer 805 is made of a via material (e.g. copper, tungsten,
or gold) and has a thickness to sufficiently fill opening 801. In
one embodiment, layer 805 is deposited by a PVD process. In
other embodiments, layer 805 is formed by a CVD process or
electroplating.

FIG. 9 shows wafer 101 after it has been polished to form
planar surface 903 to remove the excess portions of layers 805
and 803 for forming conductive via 901. In one embodiment,
the polishing of wafer 101 is performed until layer 401 is
reached or until, in some embodiments, the polish stop layer
(not shown) is reached.

FIG. 10 shows wafer 101 after a structure 1001 is formed
on planar surface 903. In one embodiment, structure 1001 is
in electrical contact with via 901 or otherwise electrically
coupled in some embodiments. Structure 1001 may be a
device including multiple parts where one part of the device is
electrically coupled to via 901 and the other parts are isolated.
In other embodiments, structure 1001 is a passive device
(capacitor or inductor) or a MEMS device. In one embodi-
ment, structure 1001 is controllable by a signal or signals
conveyed by via 901. In another embodiment, via 901 con-
veys a signal that indicates a parameter that is sensed by
structure 1001. In one embodiment, structure 1001 is a reflec-
tive structure. In one embodiment, structure 1001 is a device
that includes portions coupled to different interconnects in
layer 131 with different vias similar to via 901. Also in other
embodiments, multiple structures may be formed on surface
903 similar to structure 1001.

FIGS. 11,12, and 13 show three views of different embodi-
ments of wafer 101 after an opening is formed in layer 401 to
expose pad 301. In some embodiments, the openings are
formed by a photolithographic process and with an etchant
that is selective to the aluminum layer material.

In the embodiment of FIG. 11, opening 1101 exposes both
the high portion 1103 and low portion 1105 of pad 301. The
high portion 1103 is recessed by a distance 905 from planar
surface 903 and low portion 1105 is recessed from planar
surface 903 by distance 907. In some embodiments, portion
1103 is used for probe testing and portion 1105 is used for
bonding to a solder ball or wire bond. However, the different
portions may have different uses in other embodiments.

In FIG. 12, only the low portion 1205 is exposed by open-
ing 1201. In FIG. 13, opening 1301 exposes only the upper
portion of pad 1301.

After the stages of FIG. 11, 12, or 13, the wafer is singu-
lated into multiple die with each die including at least one
structure 1001 and recessed aluminum die pad 301. In some
embodiments, a die may include multiple aluminum die pads
similar to pad 301 and/or multiple structures similar to struc-
ture 1001. In one embodiment, the aluminum die pads may be
located on one side of the die and the structures located on
another side of the die.

After singulation, the die may be packaged in a packaging
structure (e.g. in a flip chip, leaded, leadless, QFN package or
other type of package) specific to the implementation of the
die. In such a package, pad 301 is electrically coupled to a
conductive structure. For example, a solder ball may be
deposited in the recess to electrically couple aluminum die
pad 301 to an external structure. In other embodiments, a wire
bond may be attached to aluminum die pad 301. The particu-
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lar type of packaging or subsequent processing would depend
on how the device is to be utilized in a system.

In one embodiment, forming aluminum die pads that are
recessed from a planar surface prior to the planarization of the
surface may allow for a planar structure requiring a planar
surface to be built on a device with aluminum die pads in an
efficient process. In some embodiments, this device may be
coupled with a via of a different material than the aluminum
die pad. It may also allow for a reduced device topography.

In prior art methods where a recess is first formed in a
planar surface and then the aluminum die pads are formed in
the recess, difficulties exist in confining the die pad material
to just the recessed area. With such prior art methods, it is
difficult to remove the aluminum from the sidewalls of the
recess while leaving the aluminum at the base of the recess. To
do such may require the use of a photolithographic process
which may not work well in the uneven topology of a recess.
However with embodiments disclosed herein, the pad is
formed prior to forming the recess in a planar surface which
is located above the pad. Accordingly, patterning of an alu-
minum layer within the recess can be avoided.

FIG. 14 is a side cutaway view of another embodiment of
wafer 101. In the embodiment of wafer 101, a passivation
layer 1401 is formed on wafer 101 after the polishing to
remove the excess via material. Passivation layer 1401 is a
temporary layer for transporting the wafer to a subsequent
processing area for further processing to build a structure on
planar surface 903. Upon reaching the subsequent processing
area, layer 1401 would be removed (e.g. with an appropriate
etchant or by polishing). Afterwards a structure (e.g. 1001)
may be formed on wafer 101 with at least a portion electri-
cally coupled to via 901. In one embodiment, layer 1401 is
made of a layer of oxynitride located over a layer of nitride. In
one embodiment, layer 1401 is 500-1000 A thick, but may be
made of other materials and have other thicknesses in other
embodiments.

In the embodiment shown, interconnect 125 and intercon-
nect 127 are electrically connected together to electrically
couple via 901 to pad 301. With such an embodiment, pad 301
may be used to electrically couple a subsequently formed
structure (e.g. such as structure 1001) to an external device.

In one embodiment, a method for making a semiconductor
device includes forming an electrical interconnect layer,
forming a first dielectric layer over the electrical interconnect
layer, forming an opening in the first dielectric layer over a
first interconnect of the electrical interconnect layer, forming
an aluminum layer over the opening and the first dielectric
layer, patterning the aluminum layer to form an aluminum die
pad electrically coupled to the first interconnect of the elec-
trical interconnect layer, forming a second dielectric layer
with a planar surface over the aluminum die pad and the first
dielectric layer, and forming a conductive via through the first
dielectric layer and the second dielectric layer to electrically
contact a second interconnect of the electrical interconnect
layer.

In another embodiment, a method for making a semicon-
ductor device includes forming an interconnect layer includ-
ing a first electrical interconnect, forming a first dielectric
layer over the interconnect layer, forming an opening in the
first dielectric layer and over the first electrical interconnect
of the interconnect layer, forming an aluminum layer in the
opening and over the first dielectric layer, etching the alumi-
num layer to form an aluminum die pad over the first electrical
interconnect. The aluminum die pad is electrically coupled to
the first electrical interconnect. The method includes forming
a second dielectric layer over the aluminum die pad and the
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first dielectric layer and planarizing the second dielectric
layer to form a planar surface.

In another embodiment, a method for making a semicon-
ductor device includes forming an electrical interconnect
layer, forming a first dielectric layer over the electrical inter-
connect layer, forming an opening in the first dielectric layer
over a first electrical interconnect of the electrical intercon-
nect layer, forming an aluminum layer in the opening and
over the first dielectric layer, and etching the aluminum layer
to form an aluminum die pad. The aluminum die pad is
electrically coupled to the first electrical interconnect. The
method includes forming a second dielectric layer over the
aluminum die pad and the first dielectric layer, and forming a
conductive via through the first dielectric layer and the second
dielectric layer to contact a second electrical interconnect of
the electrical interconnect layer.

While particular embodiments of the present invention
have been shown and described, it will be recognized to those
skilled in the art that, based upon the teachings herein, further
changes and modifications may be made without departing
from this invention and its broader aspects, and thus, the
appended claims are to encompass within their scope all such
changes and modifications as are within the true spirit and
scope of this invention.

What is claimed is:

1. A method for making a semiconductor device compris-
ing:

forming an electrical interconnect layer;

forming a first dielectric layer over the electrical intercon-
nect layer;

forming an opening in the first dielectric layer over a first
interconnect of the electrical interconnect layer;

forming an aluminum layer over the opening and the first
dielectric layer;

patterning the aluminum layer to form an aluminum die
pad electrically coupled to the first interconnect of the
electrical interconnect layer;

forming a second dielectric layer with a planar surface over
the aluminum die pad and the first dielectric layer,
wherein the planar surface is at least 0.1 micron above a
top surface of the aluminum die pad;

forming a conductive via through the first dielectric layer
and the second dielectric layer to electrically contact a
second interconnect of the electrical interconnect layer;

after forming the conductive via, forming an opening in the
second dielectric layer to expose at least a portion of the
aluminum die pad, wherein the top surface of the alumi-
num die pad is at a level that is below a top surface of the
conductive via.

2. The method of claim 1 wherein the forming a second
dielectric layer with a planar surface includes forming the
second dielectric layer and then planarizing the second
dielectric layer.

3. The method of claim 1 further comprising:

bonding an electrically conductive structure to the alumi-
num die pad after forming the conductive via.

4. The method of claim 1 wherein:

the aluminum die pad extends over sides of the opening in
the first dielectric layer.

5. The method of claim 1 further comprising:

forming a structure over the conductive via and electrically
coupled to the conductive via.

6. The method of claim 1 wherein:

a top surface of the conductive via is coplanar with the
planar surface of the second dielectric layer or a planar
surface above the planar surface of the second dielectric
layer.
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7. The method of claim 1 wherein the first dielectric layer
includes nitride.

8. The method of claim 1 wherein the first dielectric layer
includes oxynitride.

9. The method of claim 1 wherein the second dielectric
layer includes TEOS.

10. The method of claim 1 wherein the first dielectric layer
includes oxynitride and the second dielectric layer includes
TEOS.

11. The method of claim 1 further comprising:

forming a structure over the planar surface;

wherein the forming an opening in the second dielectric

layer to expose at least a portion of the aluminum die pad
is performed after forming the structure.

12. A method for making a semiconductor device compris-
ing:

forming an electrical interconnect layer;

forming a first dielectric layer over the electrical intercon-

nect layer;

forming an opening in the first dielectric layer over a first

interconnect of the electrical interconnect layer;
forming an aluminum layer over the opening and the first
dielectric layer;

patterning the aluminum layer to form an aluminum die

pad electrically coupled to the first interconnect of the
electrical interconnect layer;

forming a second dielectric layer with a planar surface over

the aluminum die pad and the first dielectric layer,
wherein the planar surface is at least 0.1 micron above a
top surface of the aluminum die pad;
forming a conductive via through the first dielectric layer
and the second dielectric layer to electrically contact a
second interconnect of the electrical interconnect layer;

wherein the forming a second dielectric layer with a planar
surface includes forming the second dielectric layer and
then planarizing the second dielectric layer;

before planarizing the second dielectric layer,

forming a layer of photo resist over the second dielectric

layer;

forming an opening in the layer of photo resist to the

second dielectric layer above an inner area of the alumi-
num die pad; and

etching the second dielectric layer, wherein the etching

results in a raised portion of the second dielectric layer
around at least a portion of the inner area of the alumi-
num die pad.

13. The method of claim 12 wherein the first dielectric
layer includes nitride.

14. The method of claim 12 wherein the etching the second
dielectric layer includes etching the second dielectric layer
though the opening in the layer of photo resist.

15. The method of claim 12 further comprising:

after forming the conductive via, forming an opening in the

second dielectric layer to expose at least a portion of the
aluminum die pad, wherein the top surface of the alumi-
num die pad is at a level that is below a top surface of the
conductive via.

16. A method for making a semiconductor device compris-
ing:

forming an electrical interconnect layer;

forming a first dielectric layer over the electrical intercon-

nect layer wherein the first dielectric layer includes
nitride;

forming an opening in the first dielectric layer over a first

electrical interconnect of the electrical interconnect
layer;
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forming an aluminum layer in the opening and over the first
dielectric layer;

etching the aluminum layer to form an aluminum die pad,
the aluminum die pad electrically coupled to the first
electrical interconnect;

forming a second dielectric layer over the aluminum die
pad and the first dielectric layer;

forming a conductive via through the first dielectric layer
and the second dielectric layer to contact a second elec-
trical interconnect of the electrical interconnect layer;

after forming the conductive via, forming an opening in the
second dielectric layer to expose at least a portion of the
aluminum die pad, wherein a top surface of the alumi-
num die pad is at a level that is below a top surface of the
conductive via.

17. The method of claim 16 further comprising:

planarizing the second dielectric layer; and

after the planarizing, forming a stop layer over the second
dielectric layer.

18. The method of claim 16 further comprising:

planarizing the second dielectric layer to form a planar
surface, wherein the planar surface is at least 0.1 micron
above the top surface of the aluminum die pad.

19. The method of claim 16, wherein the second dielectric

layer includes oxynitride.

20. The method of claim 16 further comprising:

forming a structure over the planar surface;

wherein the forming an opening in the second dielectric
layer to expose at least a portion of the aluminum die pad
is performed after forming the structure.
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